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SUMMARY

1.93

.-

Wind-tunnelstudiesofthewakebehindvariouscanardcontrol.surfaces
ofeqyalspanmountedona missilebodyhavebeenmadeata Machnqiber
of1.93. Thecontrol-surfacedeflectionwasfixedat 90andtherangeof
angleofattackofthemissilewasfrom0°to 3.5°.Thesestudieswere
madeforeightconstant-spancontrolsurfacesofvaryingplanform,thick-
ness,andsectionbymeansoftotal-pressuresurveysat a locationcorre-
spondingtoa rearwardram-jet-enginehlet locationandby meansof
schlierenphotographsofthepathoftherolled-upvortexsheetfromthe
canardcontrolsurfaces.Theeffectof simulated,externalrocketboosters
onthepressurefieldwasdeterminedforthreecontrol-surfaceplanforms%
Inaddition,theeffectofendplatesattachedto thetipsof oneofthe
controlsurfaceswasinvesti~ted.

Theinvestigationrevealedthatreverseddeltaanddeltacontrol-
surfaceplanformseve locationsofthecoreoftherolled-upvortex
sheetfromthecanardcontrolsurfacesfarthertiboardthanplsmforms
withstrai@lttips.Thecore,oftherolled-upvortexsheetwascloseto
a locationthatwasdirectlybehindthetipsinthefree-streamdirection’
forthestraight-tippedplanforms,andwasonlyslightlychangedby angle
ofattackorReynoldsnumberfortherangetested.Varyingthecontrol-
surfacethicknessandprofilealsohadverylittleeffectonthepressure
fieldat thesurveyplane.Theeffectof simulatedrocketboosterson .
thebodywasto dispersethevortexcoresovera g?eaterregionandto
sh~t themOutbOard.Attachingendplatestoa straight-trailing-edge
planformof0.5taperratioproducedanoutboardshiftofthevortex
corefromthetipsanddidnotreducethevortexstrengthenoughtomerit
theuseofendplates.Rakingthetipsofa controlsurfaceofthisplan
formproducedonlya slightinboardshiftofthevortexcore.
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A probleminthedesire

NACARM L52129

INTRODUCTION

ofa ram-jetmissileconfigurationisthe
selection~f suchrelative-locationsoftheengineinlet,thebody,and
thecontrolsurfacesthattheinterferenceeffectsfromthebodyand
controlsurfacesdonotseriously3mpairtheengineefficiency.At the
samethe theexternaldragshouldbe keptat a minhum.

Analysisoftheexpertientaldatapertinentto thisproblemdiscloses
thefollowingtrends:Thedataofreference,1indicatelossesinengine
performancefora canardmissileconfigurationemployingnormal-shock
sideinletsasthecontrolsurfacedeflectionwasvaried.Themaximum
lossesdueto thevortexsheetshedfranthecanardcontrolsurface
occurredfora missileangleofattackof0°. Thedataofreference2
indicatqthat,fora nacelle-mountedengine,severelossesh engineper-
formanceareencounteredwhentheengineinletislocateddirectlybehtid
thetipsofthecanardcontrolsurface;however,shiftingtheinletout-
boardofthesetips~eatlyimprovestheperfomnance.Inreference3,
forcetestsshowthat,fromthestandpointofminimumetiernal*g, the
optimumenginelocationforthenacelle-mountedengineisthemostidmard
locationtested.Theseopposingtrendsmaketheselectionoftheoptimum
ram-jetmissileconfigurationdifficult.References4 and5 present
studiessimilartothepresentinvestigation.Theflowfieldata rear-
wardfuselagestationiscompletelydefinedinthesereferencesbyboth
total-pressureandflow-anglemeasurementsfortwodifferentcanard
controlsurfaces.Onecontrolsurfaceusedwasa triangular,planform
andtheothera 0.5-straight-taperplanfomn.Inthepresenttivesti-
gationmorecanardcontrol-surfaceconfi~tionsweretestedinthe
Iangley9-tich supersonictunnel,butthemeasurementswerelimitedto
total-pressuresurveysandschlierenstudies.

Theprimarypurposeofthisinvestigationwasto studytheeffects
of someof theshapevariablesofthecanardcontrolsurface,includdng
planform,thiclmess,andsection,onthelocationoftheshedVOrteX
sheet.Itwasdesiredto finda configurationhavingreasonablelift
effectivenesstogetherwiththemostinboardlocationoftherolled-up
vortexsheet.Sucha configurationwouldallowtheengineinlettobe
mountedfartherinlmardforlowerexternaldrag,yetrematioutboardof
therolled-upvortexsheet,sothatbetterengineperformancemightbe
realized.

Throughoutthepresentinvesti~tionthespanofthecanardcontrol
surfaceswasconstantandthelocationsoftherolled-upvortexsheetcan
be compareddirectly,althoughit shouldbe remeniberedthat,forsomeof
theplanformsoflesserareaorliftcoefficient,higherdeflectionangles
wouldbe necessarytoproducethesamecontrol.Inadditiontovarying
theplanform,thichess,andsectionofthecanardsurface,oneofthe
canardswaste~tedwithendplates.Also,threeoftheplanformswere
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testedwithsimulatedrocketboostersonthebody. Thetotal-pressure
surveyata rearwardstationcorrespondingtotheassumedengineinlet
locationandtheplan-viewschlierenphotographswereIx&enforeach.
configurationatmissileanglesofattackof0°,2°)and3.5°.

SYMBOLS< /

.

H3

Ho

H2

M

R

b

x

Y

z

a

5

h

totalpressurebehindnormalshockasmeasuredlytubealined
wit~freestream,in.Hg

tunnelstagationpressureasmeasuredin settlingchamberof
tunnel,in.Hg

totalpressurebehinda normalshockinthetestsectionwhen
free-streamMachnumberisassumed,in.Hg

free-streamMachnumber

Reynoldsmmiber

span,in.

axisinfree-streamdirection,in,

axisperpendiculartofreestreamandinspanwisedirectionof
canardcontrolsurface,withoriginatbodycenterline,in.

axisperpendiculartobothfreestreamandspanof controlsur-
facewithoriginat junctureof control-surfacetrailingedge
andbody,in.

angleofattack,deg

control-surfacedeflectionreferencedtobodycenterline,deg

taperratio(ratiooftipchordto chordat junctureof control
&rfaceandbody)

APPARATUSAND

Tunnel

ThetestsweremadeintheLangley

TESTS

9-inchsupersonictunnelwhich .
isa continuouslyoperating,closed-circuittypeoftunnelinwhichthe
temperature,pressure,an controlled.Thetest~ch

—- .——.. .——.- -— I—— —..— .. ———— –—
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nuuiberisvariedby interchangeablenozzleswhichforma testsection
about9 tithessquare.

Model,ModelSupport,andSurveyApparatus

A photographofthetunneltestsectionwiththemodelandpitot
ttiesinstalledis showninfigure1. Detailsofmodelconstructionare
showninfigure2. Thebodyusedinthepresentinvestigationisdescribed
h reference6, andthevariouscontrolsurfacestestedareillustrated
infigure3. f Thecanardcontrol-surfacedeflectionwasconstantat 9°.
Theplaneoftheangleofattackwashorizontalandtheapparatusfor
changingtheangleofattackcouldbe setatvaluesof0°,2°,and3.5°
with thepivotpointat thesurveystation.An opticalsystem,consisting
ofa smallmirrorMbeddedinthebodyat thepivotpointanda circular
screenlocatedoutsidethetestsectionuponwhichthelightimage
reflected,wasusedtomeasuretheangleofattackofthemissile.

Thetotal-pressuremeasurementswerenwiewithtworowsofpitot
_hibes(O.OkO-inchoutsidediameterandO.010-inchwallthickness).The

3rowswere— incha&rt andthetwelvetubeswithineachrowwere~ inch
4

apart.Thesetubescouldbe traversedinboththe y and z directions“
inthe,wakeofa controlsurfacewiththetunneloperating.Therakeof
ttieswasmountedona tfiularstrut(2-inchoutsidediameterand

. O.0~-inchwallthiclmess)alined~th thestream.Thepitottubes
.

remainedpa?xil.ledtothefreestreamthroughoutall.testing.A cathe-
tometerwasusedtomeasurethe y locationofthetubesandthe z loca-
tionwasdeterminedby a calibratedcounteronthetraversingleadscrew.

TestConditions

Thetestsweremde ata Machnwiberof1.93anda tunnelstagnation
pressureofapproxhately114inchesofmercury.Additionalsurveys
weremadeforsomeconfigurationsata sta~tionpressureofapproxi-
mately31fichesofmercuryto determinewhethertherewereanynoticeable
Reynoldsnumbereffectsoverthepossiblerange.Thesestagnation

pressuresproducedReynoldsnumbersof1.13x 106and0.31x 106per
inch,respectively.

Thehumidityh thetunnelwaskeptsufficientlylowsothatany
effects@e to condensationwerenegligible.
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TestProcedure

.

Thetotal-pressuresurveywasmadeforeachconfigumtion
angleofattackby settingthetworowsofttiesata giveny

5

andeach
value,

thenvarying.thelocationofthetubesinthe z directionuntilthey
registeredthepointofmintiumpressure.Afterthepressureswere
recordedforthiscondition,the z locationwasvariedby aboutone-

halfthedistancebetweenthetties
(~tich)~

maintainingthesame y

locationtobetterdefinethewakeprofile.In somecases,three z
locationsfora giveny werenecessarywherecomplicatedprofiles
suchas dotilepeakswereencountered.The y locationswereselected
topermitwakeprofilestobe obtainedacrossthecoreoftherolled-up
vortexsheetandat stationsidmardandoutboardofthiscore.The
schlierenapparatuswasusedin settingthe y locationofthetubesin
ordertoobservetherelativelocationofthetubesandthecoreofthe
rolled-upvortexsheet.

Forsomeconfigurationsanauxiliaryshockphenomenonoccurredwhen
thelow-eneraairofthecoreofthevortexsheetpassedmidwaybetween
thetworowsof-t@es.Thisoccurrencewasa resultoftheseparationof
thelow-ener~aixinthecorewhensufficientpressurefromtheshock
systemoftherakebledforwardalongthecore.Sincethephenomenon
wasobviousintheschlierenviewscreen,the y locationcou.ldbe
selectedtoavoidinvalidatingthepressurereadingsfortheconfigurations
whereitoccurred.An exampleof sucha phenomenonisillustratedin some
oftheschlierenphotographsoffigure4 (forexample,fig.k(a)).

PRECISIONOFDATA
.

Thepitotttieswerealtiedwiththe
testsand,consequently,inregionswhere
themeasurementscontainan errorbecause
flowanglereportedh references4 and5
however,wasonlyabout,8°,evennearthe
as canbe seenfromthedataofreference
amountof streamangleisnegligible.\

freestreamthroughoutthe
thelocalflowanglewashigh,
ofmisalinement.Them3.ximum
forsimikrconfigurations,
centerofthevortexcore,and,
7,anyerrorduetothissmall

Theestimatederrorsinthetestparametersareas follows:

H#Ho(higherRvalues) . . . . . . . . . . . . . . . . . . . . ~~.00~
H3/Ho(lawerRvalues). . . . . . . . . . . . . . . . . . . . . .
yjin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.005
Z,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . f. 013
a,deg . . . . . . . . . . . . . .’.. . . . . . . . . . . . . ~.lo
b,deg . . . . . . . . . . . . . . . . . . . . . . . . . .; . *.oj

.

- —. . —..— —. — -—. .J



.

NACARM ~y2129 .

RESUEl!SANDDISCUSSION

SchlierenPhotographs

Thepathsofthevortexcoresdownstreamfranthecanardcontrol
surfacesareillustratedintheschlierenphotographsoffigure4. (All
photographsweretakenwiththeknfieedgehorizontal.)It canbe seen
thatthepresenceoftheexpandingbodydownstream?fthecontrolsurface
causesan outboardshiftinthepathsofthevortexcoresandthat
similarlythecoresmoveinagainas thebodyconverges.Becauseofthe
smallangle-of-attackrangeoftietests,verylittleeffectduetoangle
ofattackwaB discernibleintheplan-viewschlieren’photographs.For
thisreasononlytwoanglesofattackareshownforeachconfiguration
(00 and 3.50).

Fromfigures4(a),4(b),and4(c)itisevidentthatthecontrol-surface
thiclmessandsectionhavelittleeffectonthespanwiselocationofthe
vortexcoresforthestraight-trailing-edgeplanformoftaperratio0.5.
At thesurveystationthecoresappearalmostdirectlybehindthetips
foreachsectionandthiclmess”variation.Similarly,infigures4(d)
tid4(e)the().697-taperplanformshowslittledifferencedueto”
thickness.

Theschlierenphotographsforthepoint-forwarddeltawingare
shuwn3nfigure4(f)andthereverseddeltaplanforminfigure4(g).
Enlargedversionsoftheschlierenphotographsclearlyillustratedthat
thereverseddeltaplanformhadthemosttiboardlocationofthevortex
coresofallconfigurationstested.Basedonthevalueof b/2 measured
fromthebodycenterlineat thesurveystation,thecoreforthereversed
deltaplanformwaslocatedfromabouto.85b/2too.87tI/2forallvalues
of a tested.Thenextmostinboardlocationwasobtainedwiththepoint-
forwarddeltaplanform.Forthisplanformthevortexcoreswerelocated
fromabouto.88b/2to 0.94b/2forthesame a range.Inadditiontobeing
locatedfarthertiboardthelessdistinctcoresoftheplanforms3Aand
2A (figs.4(f)and4(g)\indicatethedensitygradientacrossa coreto
be lessabrupt.Thisresultwouldindicatethatthesepointed-tipplan
formshaveeithera weakercoreora moredispersedcore.Thepressure
surveystobe discussedh thenextsectionwillshowthata weakercore
actuallyexistsbehindthesepointed-tipplanformsandthey,therefore,
appearadvantageous.Thefactthatthepointed-tipcontrolsurfacesare
of smallerareaandproducelesslifttendstonullifythisconclusion;
however,ifthecontrol-surfacedeflectionwereincreasedtoproducethe
sameliftasthestraight-tippedplanforms,onlythestrengthofthecore
wouldbe increasedandthemoretiboardlocationofthecorewouldstilJ-
be r&alized.Conversely,ifthecontrol-surfaceareawereincreasedto
obtain‘thesamelift,thelocation”ofthecorewouldbe shiftedoutboard
buttheweakercorewouldstillbe realized.

.
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Theeffectofmodifyingplan.formIAby rakingthetips300
(fig.4(h))wasonlyslightlyfavorable.Thismodificationshifted
‘thevortexcoresfromabout1.00b/2to1.04b/2fortheunmodifiedcanard
toabout0.9~/2to 1.00b/2forthecontrolsurfacewithrakedtips.

.
PlanformlAwasalsotestedwithendplatesattachedto thetips.

Thehypothesiswasthattheendpbteswoulddivideeachvortexcore
behindthetipsintotwocoresof lessstrengthandtherebya favorable
engineinletlocationmightbe found.Figure4(i)indicatesthatthis
modificationdividesthevortexcoreintotwocoresbutthemoreoutboard
corea~earsmuchstrongerthantheinnercore.Sincethemoreoutboard
coreisfartheroutboardthanthecoreofa controlsurfacewithno end
platesattached,themodificationappearsunfavona.blewithregardtothe
assumedinletlocation.Thepressuresurveys(presentedmibsequently)
confirmthisconclusionsincetheyalsoillustratethe z locationand
thestrengthofthecore.

PlanformsID,!!C,and2Bweretestedwithstiulatedrocketboosters
onthemodel,andtheschlierenphotographsoffiguresk(j),4(k),and
4(Z)illustratetheflowpattezmsfortheseconfigurations.Theeffect
oftheboostersisto shiftthevortexcoresoutboardconsiderably.For
planformlD,whichisplanformIAwithbooster,thenewlocationof
thevortexcoresisabout1.3~/2to 1.37b/2as comparedwiththelocation
fromabout1.00b/2to 1.04b/2withoutboosters.Inaddition,itcanbe
seenthattheboosterson thebodycausea mazeof shockandexpansion
wavesintheregionoftheassumedinlet.

.
PressureSurveys

Ssmpleplotsofthepressuresasmeasuredareillustratedinfig-
ures5 to 9. The valueofthepressureratioat thepeakisnotshown
inallcasessincesometimesitwasoutofrangeofthemanometercamera.
Fromplotsofthistypeitwaspossibleto constmctcontourplotssuch
asarepresentedinfigures10to21. Thebkck dotsinthesefigures
arethepointscross-plottedfromthewakeprofilesusedinthecon-
structionofthepressurecontoursandareshowninorderthattheir
accuracyinanyparticularregionmaybebetterassessed.Thepressure
ratioH3/Ho istheratioofthetotalpressurebehinda normalshock
asmeasuredby thepitottubetothestagnationpressureasmeasuxedin
thesettlingchauiberofthetunnel.Thevaluesarenotcorrectedforthe
lossthroughthenormalshockgeneratedbyeachtubesincethelocal
staticpressureorMachnuniberwasnotmeasured;consequently,thevalues

,. arenotthetruetotal-pressurerecovery.In orderto estimatethe
correlationbetweenthevaluesof H3@o whicharepresented(i.e.,the

. measuredvaluesas obtainedfroma pitottube)andthevaluesoftrue
totalpressurerecoverythatwouldexistifa measuringinstrumenthad
no shockinfrontof it,thefollowingarbitmryvaluesarequoted:

-T!!!-E-
————. —.—.—— ——
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Measuredvalue I Correctedvalue

H3E0 I H3/H2

0.72

I

0.955
.70

● W9
.68 ● W3

wc~ RML52129

Thesearbitr&yvalues,whichareencounterednearthe-assumedinlet,
arebasedontheroughassumptionthattheMachnuniberoftheflowis
thatofthefreestream.ThelocalMachnuuiberoftheflowmaybe sti-
jectto considerablevariationfromthatofthefreestreamsothese
valuesshouldonlybe usedinthecrudesttypeof correlation.Ifthe
Machnumberwere0.1lower,thevalueswouldbe offabout5.7percent
and,iftheMachnumberwere0.1higher,thevalueswouldbe offabout
6.6percentforthesamevaluesof H3/Ho.Althoughthedataallowonly
roughestimatesofthetruetotal-pressurerecoveryby correctingthe
valuesintheforegoingmanner,validcomparisonscanbemadeamongthe
variouscanardcontrolsurfacesas to tieirrelativeeffectsonthe
pressurefieldfortheconfigurationstested.

In general,throughoutalltheconfigurationstesteditcanbe seen
thattheeffectofangleofattackforthesmallrangeinvestigatedis
veryslight.Thespanwisechangeinthelocationofthevortexcoresis
negligible,andthereisa slighttranslationintheplus a direction.
The*latterresultprobablyresultsfrombodyupwash.

TheeffectofReynoldsnumberwithintherangetestedisveryslight.
Figmes10to 16 ((c)and (d)ofeachfigure)showtheonlyeffecttobe
a slightly@ifferentz locationofthevortexcore.It isbelieved
thatthisslightchangeinthe z locationisreal,although‘itisclose
totheexperimentalaccuracy.

A comparisonoffi~es 10,11,and12illustratestheeffectsof
sectionprofileandthiclmessonthepressurefieldbehinda control
surfaceofplanform1. No outstandingeffectsappearand-they and
z locationsforthevortexcorearealmostidenticalinthethreecases.

Contourplotsforthereverseddeltaandpoint-forwarddeltaplan
formsareshowninfigures13and14. Bothoftheseplanformshave
pointedtipsand,as suggestedbytheschlierenphotographs,thevortex
coreisweakerthanforthestraight-tippedplanforms(i.e.,thelowest
valuesof H3/Ho 5nthevortexcoresareoftheorderof0.60instead
of0.20as isthecasewiththestraight-tippedplanforms).Also, ,’
furthercorroboratingthebiicationsoftheschlierenphotographs,the
vortexcoreforthereverseddeltaplanformisfarthestinboardofall
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theplanformstestedandonlyslightlyfartheroutboardforthepoint-
forwarddelta.Fromtheschlierenphotographsalone,theconclusionmight
be drawnthatthevortexcore.ismoredispersedand,consequently,the
engineInletnotnecessarilyina betterpressurefield.Thecontourplots
clearlyindicate,however,thatthevortexcoresareweakerandthatthe
inletcouldbemovedfartherinboardthanfortheotherconfigurations
beforeitslipencountereda lowerpressureregion.Therealsoseems
tobe a tendencyforthevortexsheettorollup intomorethanone
core;thistendencyoftenoccursforplanfomuaofthisti<~because
thevorticityismoreuniformlydistributedacrossthespanthanforthe
straight-tippedplanforms.Theapparentadvantagesofthesepointed-
tipplanformsmustbe somewhatnullifiedwhenthefactisconsidered
thattheyareof smallerareaandproducelessliftthantheotherplan
forms. A higherdeflection,however,wouldonlyincreasethestrength
ofthecoresandhavelittlechangeontheirspanwiselocation;whereas,
a controlsurfaceoflargerareawouldallowaboutan 18percentincrease
inspanforthesamelocationoftherolledupvortexsheet,andthecore
wouldbe weaker.The z locationofthevortexcoresforthedeltaand
reverseddeltaisverynearlythemme as fortheotierstmight-tipped
planforms.Actually,thevortexcoresnearthetipappeartobe slightly
moreintheplus G directionwhenthesxis,isconsideredto originateat
thejunctureofthetrailing-edgerootchordandthebo~.

me lackofanyappreciableeffectofthiclmessonplanform4 can
be seenby comparfigfigures15aud16. Thevortexcoreisalmost
directlybehindthetipsforbothcasesandthepressurefieldsarevery
similar.

ThepressurefieldforplanformU?,whichisplanformlAwiththe
tipsrded 300,isshowninfigure17. As theschlierenphotographs
showed,thevortexcoreisslightlymoreinboardforplanformM?than
forplanforml.ll;butwhenconsideringwhethertheinletcouldbemoved
fartherinboardbeforeexperiencingunfavorablepressures,the30°raked-
tipwingisprobablylesssatisfactory.

Theunfavorableoutboardshiftofthevortex
platesis illustratedinfigure18. Althoughthe
weakerinstrength,itisnotweakenoughtomake
favorablefora nacelle-mountedengine.

coredueto theend
coneappearsslightly
the useofendplates

Theunfavorableeffectoftheboostersisclearlyindicatedforthe
0.5-taper,straight-trailing-edgeplanform,0.697-taperplanform,and
reverseddeltaplanforminfigures19,.20,and21. In general,the
effectoftheboostersisto dispersethelowpressuresofthevortex
coreto covera greaterareaandto shiftthecoreoutboard.Thereisa
relativelyhighpressureregionavailableforalltheplanformsifthe
inletwereoffsetinthebus a directionby about1 bodydiameter.
A missiledesignedtotakeadvantageof sucha region,however,wouldbe

.

.- ,
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limitedtoone-directionalangle-of-attackmmeuvers.Theweakervortex .
coreofthereverseddeltaplanfomnwasnotvisibleintheschlieren
photographsafterithadpassedthroughtheshocksfromthebooster,h
contrastto stillbetigvisiblefortheothertwoplanforms.Thepres-

.

suresurveysconfirmthisresultinthatno distinctcoresarediscernible
forthereverseddeltaplanform,whereas weakvortex-coreregionsare
shownby thecontoursforthestraight-tippedplanforms.

CONCLUDINGREMARKS

Studiesofthewakebehindvariouscanardcontrolsurfacesofequal
spanmountedona missilebodyweremadeata Machnumberof1.93.The
tivesti~tionrevealedthatreverseddeltaanddeltacontrol-surface
planforesgavemore~oard locationsoftherolled-upvortexsheet
fromthecanardcontrolsurfacesthanplanformswithstraighttips.
Thecoreoftherolled-upvortexsheetwasclosetoa locationthatwas
directl.ybehindthetipsinthefree-streamdirectionforthestraight-
tippedplanforms,andwasonlyslightlychangedby singleofattackor
Reynoldsnumberfortherangetested.Varyingthecontrol-surfacethick-
nessandsectionprofilealsohadverylittleeffectonthepressure
fieldatthesurveyplane.Theeffectof simulatedrocketboosterson
thebodywasto dispersethevortexcoresovera greaterregion#mdto
shiftthemoutboard.Attachingendplatestoa straight-trailing-edge
planformof0.5taperratioproducedan outboardshiftofthevortex
corefromthetipsanddidnotreducethevortexstrengthenoughto
merittheuseofendplates.Rakingthetipsofa controlsurfaceof
thisplanformproducedonlya slighttiboardshiftofthevortexcore.

Ia.ngleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,’Va.
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Figurel.-Test aetu-pshowingmodel with the 30°raked-tips canard
control.9urfaceinstalled.
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Figure4.-Concluded.
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